INTRODUCTION
Previous studies have reported that cerebral autoregulation becomes impaired after a traumatic brain injury1-4). Some studies have demonstrated that abnormalities of cerebral blood flow (CBF) regulation might cause patients with head injuries to be unusually susceptible to secondary ischemic insults, such as hypotension, intracranial hypertension, and hypoxia. The secondary ischemic insult can increase the incidence of neurological damage5-These studies have also revealed a relationship between the incidence of a secondary ischemic insult and a poor neurological outcome5-8).
Without a specific therapy to normalize CBF regulation, several doctors have advocated that one approach to preventing cerebral ischemia is to monitor and maintain the cerebral perfusion pressure (CPP) 9, 10 CBF (ml/100g/min (1) where (Cv) 10 is the venous blood concentration of N2O 10 minutes after measurement, and the partition coefficient of N2O between the blood and brain was assumed to be 1.
Correction of CBF value
CBF measurements using the Kety-Schmidt method were performed 1 to 7 days after the injuries. All patients were treated with mechanical ventilation, which was intended to maintain PaCO2 between 30mmHg to 35mmHg.
However, the CBF measurements were not performed simultaneously, and the cerebral blood flow changed with the level of PaCO2. We therefore used the following equation to correct all of the obtained CBF values for a PaCO2 of 34mmHg (CBF34 in Eq. 2), assuming a 3% change in CBF per mmHg difference in PaCO2:
ICP and CPP measurements ICP was continuously monitored with an intraparenchymatous or an intraventricular catheter (model-110B Camino, Integra Lifesciences, USA). CPP was calculated as the difference between the mean arterial pressure and the intracranial pressure. In the present series, cerebrospinal fluid drainage was utilized only in a few cases.
The calculation formula for cerebral metabolic rate of oxygen (CMRO2) and cerebral vascular resistance (CVR) CMRO2 was estimated from the product of the arteriovenous oxygen difference (AVDO2) and the global value of CBF. The calculation formulas are given as:
and
where CaO2 is the arterial oxygen content (ml/dl) and CjvO2 is the jugular venous oxygen content (ml/dl). The cerebral vascular resistance (CVR) was assessed using the following formula as the ratio of the cerebral perfusion pressure to the mean cerebral blood flow:15,16) CVR (mmHg ml-1 min 100g)=CPP/CBF
Systemic and pulmonary hemodynamic measurements Systemic and pulmonary hemodynamic measurements were recorded using No. 8 French thermo-dilution catheters (Edwards Lifesciences; California, USA) applied for diagnostic and therapeutic purposes. The cardiac indices (CI) were calculated using the thermo-dilution technique with a computed analyzer (Baxter; California, USA). The pulmonary arterial pressure (systolic/mean/diastolic) was measured using a bedside monitoring system. The zero reference was placed at the midchest level. An incidence of pulmonary complication, such as ARDS or severe pneumonia, was prescribed by a chest roentgenogram and the PaO2/FiO2 (P/F) ratio. Fig. 1 . Outcomes six months after the patients suffered head injuries. The outcomes described using the Glasgow Outcome Scale (GOS) of the Group-H were: good recovery (GR) in 7 cases, moderate disability (MD) in 6 cases, severe disability (SD) in 9 cases, persistent vegetable state (PVS) in 2 cases, and dead (D) in one case. In Group-L, the outcomes were GR in 2 cases, MD in 5 cases, SD in 5 cases, PVS in 2 cases, and D in one case. GR and SD belong to the good outcome group. MD, PVS, and D are members of the poor outcome group. There were no statistically significant data between the two groups (p=0.774). The outcomes in the two groups were compared using the chi-square test (without the Yates correction).
Neurological Outcome
Six months after their injuries, It was found that the ratios of the favorable outcomes (GR or MD) were 52.0% in group-H (13 out of 25 patients) and 46.7% in group-L (7 out of 15 patients), respectively (Fig. 1) . There was no significant difference in these two groups (p=0.744).
DISCUSSION

The relationships among CPP, CBF, and Cerebral vascular resistance (CVR)
Our study indicates that an adequate CBF value is induced in spite of a CPP value less than 70mmHg. We also found that a CPP threshold at 70mmHg is not always correct for patients. In previous studies, the level at which the CPP should be maintained is not clearly specified. Several clinical studies have suggested that 70mmHg to 80mmHg may be the clinical threshold10). Rosner et al had the largest prospective cohort series of patients that were managed with the intention of keeping the CPP above 70mmHg10). They documented the outcomes of 158 patients in whom the CPPs were kept to at least 70mmHg. Outcomes 10.5 months after the injuries were a mortality percentage of 29%, a moderate disability of 20%, and a good recovery percentage of 39%. Rosner et al also found an 80% favorable recovery rate in 71% of their surviving patients and suggested that these results compared quite favorably with those of the Traumatic Coma Data Bank (TCDB)10).
McGraw developed a model to relate the outcomes with the CPP17). When the CPP was greater than 80mmHg, it was found that the mortality was between 35% and 40%.
When the CPP was decreased below this level, the mortality progressively increased by 20% for each 10-mmHg epoch. Therefore, when the CPP was less than 60mmHg, the mortality was about 80%. Morbidity and neurologic deterioration were reliably (p<0.02) associated with a decrementing CPP.
However, in the above studies, it was unclear whether or not an adequate CBF level was provided with the management of an adequate CPP in each patient. Our study suggested that a CPP threshold lower than 70mmHg could provide adequate CBF levels. Indeed, there were no statistically significant differences in the two groups divided by a threshold of 70mmHg. Interestingly, the average CBF in group-H was not higher than that of group-L. Therefore, we can conclude that CPP is not the only factor determining the patient's CBF.
One important factor is the autoregulation of cerebral vessels. Lang et al suggested the pressure autoregulation theory, and they advocated that it was the brain's intrinsic ability to maintain a stable CBF over a wide range of perfusion pressures by varying the degree of vasoconstriction or vasodilation18). When the pressure autoregulation was completely disrupted, the CBF proportionally increased with the CPP because of the vasoparalysis of the cerebral vessels. In normal autoregulation, when the CPP increased within the range of 50mmHg to 150mmHg, progressive vasoconstriction served to maintain the CBF at a constant level. In a partial disruption situation, the sure and CPP, and find whether or not the intentional elevation of the body blood pressure elevates the CPP. Further extensive study on each type of head injury in a large population is definitely needed.
CONCLUSION
We conclude that the CPP threshold at 70mmHg is not always necessary to manage patients with severe head injuries. We consider that CPP management therapy is one of many therapeutic options that may improve morbidity. We should choose a therapeutic method, including CPP management therapy, for each individual patient with sufficient consideration. We should also consider both CPP and CVR in the treatment of a patient with a head injury. In any case, more investigations will be needed with large populations.
